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abstract: The metacestode of Taenia solium persists for years in ihe human central nervous system. As 
proteolytic enzymes play an important role in the survival of tissue helminths, wc examined extracts of T. solium 
metacestodes for proteolytic activity using 9 synthetic peptide substrates and 3 proteins (hemoglobin, albumin, 
and immunoglobulin G). The proteolytic en7ymes were classified based on their inhibitor profiles. At neutral 
pH, aminopepii^se(arginine-7-amino-4-trifluoromethyIcouniarin)and endopeptidase (benzyloxy-carbonyl-gly- 
cine-glycine-arginine-7-amino-4-trifluoromeihylcoumarin) substrates were cleaved. Hydrolysis of both sub- 
strates was inhibited by chelating agents, which inhibit metalloproteases. Peak activity with both substrates 
eluted in gel filtration fractions corresponding to a molecular weight of about 104 kDa. Cysteine protease activity 
was identified, which cleaved benzyloxy-carbonyl-phenyIalanine-argininc-7«amino-4-trifluoromethylcoumarin 
(Z~Phc-Arg-AFQ and hemoglobin. Cleavage of Z-Phc-Arg-AFC was maximal at acid pH, was stimulated by 
thiols, and was inhibited by leupeptin and Ep459. Peak cysteine protease activity eluted in gel nitration fractions 
corresponding to a molecular weight of 32 kDa. Asparlic protease activity was identified by specific inhibition 
with pepstatin of acid digestion of hemoglobin and immunoglobulin G. Immunoglobulin digestion occurred at 
acid pK, with preferential degradation of the heavy chain. Upon gel filtration chromatography, the aspartic 
protease activity eluted as a broad peak with maximal activity ai about 90 kDa. No serine protease activity was 
detected. None of the parasite enzymes digested albumin. Proteolytic enzymes of T. solium may be important 
for parasite survival in the intermediate host, by providing nutrients and digesting host immune molecules. 



Human neurocysucercosis is caused by infec- 
tion of the central nervous system with the meta- 
cestode of Taenia solium. In the normal life cy- 
cle, T. solium eggs hatch in the gut of the 
intermediate host. After the larvae migrate to the 
muscles and central nervous system, they trans- 
form into the metacestode stage over a period of 
months. To complete the life cycle, the meta- 
cestode must remain viable in tissues until in- 
gested by the definitive host. Clinical studies sug- 
gest that the metacestode can survive in the 
human nervous system for years prior to onset 
of disease (Dixon and Lipscomb, 1961; Earnest 
et ai., 1987; Flisser, 1988). 

In order for the metacestode to survive, it must 
have access to nutrients and must also avoid 
destruction by the host. Proteolytic enzymes play 
an important role in the survival of other tissue- 
dwelling helminths (reviewed by McKerrow 
[1989]). For example, a metalloproteinase from 
hookworm larvae may aid in penetration of the 
host skin and may aid in parasite nutrition by 
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digesting host fibrinogen (Hotez and Cerami, 
1983; Hotez et ai., 1985, 1 990). The serine pro- 
teinase from Schistosoma mansoni larvae may 
modulate host defenses by cleaving host im- 
munoglobulin and by releasing immuno modu- 
lating peptides derived from host molecules (Au- 
riaultetal., 1980, 1981; Verwaerde et al, 1988). 
The adult worm cysteine proteinases from S. 
mansoni digest hemoglobin, a major parasite nu- 
trient (Zerda et ai., 1988). Here we report initial 
studies on the proteolytic activity of T. solium 
metacestodes. 

MATERIALS AND METHODS 

Parasites 

Metacestodes of T. solium were dissected from the 
muscle of a naturally infected pig and lyophilized. Ex- 
tracts were prepared by suspending metacestodes (20 
mg dry weight/ml) in either 200 mM sodium citrate, 
pH 4.9, or 200 mM phosphate -buffered saline, pH 7.5 
(PBS), and grinding them with a Teflon-glass homog- 
enizer. Paniculate material was removed by centriru- 
gation (10,000 g. 25 min, 4 Q, and the supernatant 
fraction (Si) was assayed for enzyme activity. Protein 
content was assayed by the method of Bradford (1 976). 

Protease assays with peptide substrates 

Synthetic peptide substrates were purchased from 
Enzyme Systems Products (Livermore, California). The 
peptide substrates and their usual specificities are as 
follows: benzyloxy-carbonyl-phenylalanyI-arginyl-7- 
amino-4-trifluoromethylcoumarin (Z-Phe-Arg-AFQ 
(cysteine and serine protease); Z^Arg-AFC, Z-Gly-Gly- 
Arg-AFC, succinyl-Ala-Ala-Pro-Phe-AFC, meihoxy- 
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Table I. Effects of inhibitors on proteolytic activity using peptide substrates,' 



inhibiwt Specificity 



% Inhibition ^ 

^Z-Fbc-Ais-AFC Z-Gry-Oly-Arg-AFC Af » AFC L 



PMSF<2mM) S« rtn * m 2 0 

Lex.pt ptift (4 rt/ml) Serioc/cyaiciAC „ 0 0 

60459(10**1) Cy«etw » 4 , 
PcpttilinPOrt/mi) Aspartic « 0J 
EX>TA(SmM) Metailo 21 „ 
1,10 Phenanthto KncQ mM) Metailo > 

* Data are the mea* percc«i inhibition (.1 leas, 2 experiments each done in dupticate) of proteolytic activity « measured ^^^^^^ 
^ft^meth>icoum*rin (AFC) in the pnaervee and sbsmce of the proaease inhibitor, at final concentrations noted. Z-Phc-A*-APC was auayod 
in acid buffer in the presence of 5 mM cysteine. Ars-AFCand Z-Gly-Gly-Anj-AFe were assayed in neutral buffer. 

f PMSF. phenylmethylsuTrcmyl auoride; EDTA, disodiam elhyknedUminotetrfcaoettie. 



suceinyl-Ala-Ala-Pro-Met-AFC, and methoxysucci- 
nyl-Aia-AIa-Pro- Val-AFC (serine proteases); Arg-AFC 
(metailo and cysteine proteases); and Z-Arg-Gly-Phe- 
Phe-Pro-AFC and Z-Arg-Gly-Phe-Phe-Lcu-AFC (as- 
partic proteases). Assay buffers were 100 mM PBS, pH 
7.5 (neutral buffer), or 100 mM sodium citrate, pH 4.9 
(acid buffer). To detect the thiol-enhanccment char- 
acteristic of cysteine proteases, initial assays were per- 
formed in a buffer with or without 5 mM cysteine. 
Peptidase activity was assayed nuoromemcally as 
nanomoles of free AFC produced upon cleavage of the 
substrate after incubation with SI (i hr and overnight 
at 37 Q, as previously described (Dresden et al., 1985; 
Zerda et a!., 19&8). Because aspartic proteases nor- 
mally cleave between 2 hydrophobic amino acids (e.g,, 
Phe-Phe) (reviewed by Barrett {1986]), the substrates 
Z-Arg-Gly-Phe-Phe-Pro-AFC and Z-Arg-Gly-Phe-Phe- 
Leu-AFC are expected to yield Phe-Pro-AFC and Phe- 
Leu-AFC, respectively. A second incubation with an 
aminopeptidase is required to produce free AFC. We 
tested for 7*. solium aspartic protease activity by over- 
night incubation with Si and the peptide substrates, 
followed by neutralization and incubation with leucine 
aminopeptidase (Sigma Chemical Company, St. Louis, 
Missouri) (37 C, 2 hr) prior to assaying for AFC pro- 
duction. Controls included measurements with SI im- 
mediately prior to incubation with aminopeptidase and 
measurements with aminopeptidase and no SI. 

Protease assays with protein substrate* 

Acid or neutral S 1 was diluted in the assay buffer at 
the same pH (1:50 final dilution). Human albumin and 
human hemoglobin (final concentration 66.7 pg/ml) 
were added to SI. After overnight incubation at 37 C, 
the proteins were boiled in sodium dodecyl sulfate (SDS) 
sample buffer containing 2-mercaptoethanot and sep- 
arated by SDS-polyacrylamide gel electrophoresis 
(17.5% acrylamtde for hemoglobin and 10-20% gra- 
dient of acrylamtde for albumin). The gels were stained 
with silver (Merril et al. , 1 98 1). Results were quantified 
by scanning densitometry. 

Immunoglobulin G (IgG) was punned from human 
serum using a protein A disc (Fischer Scientific, Pitts- 
burgh, Pennsylvania). The purified IgG was biotiny- 
lated with rV-hydroxysuccinimido-biotin as previously 
described (Gucsdon et al., 1979). For protease assays, 
biotinylated IgG was separated from unincorporated 
biotin using Sephadex G-25. Biotinylated IgG (3 ng) 



was incubated with 50 /d of either acid or neutral SI 
and brought to 75 fA with assay buffer at the same pH. 
After incubation (overnight, 37 Q, the samples were 
boiled in SDS -sample buffer, and separated by SDS- 
PAGE under reducing conditions (12.5% acrylamide, 
10 ^I/lane). The proteins were blotted onto nitrocel- 
lulose. The nitrocellulose was blocked with PBS con- 
taining 0.3% Tween-20, washed extensively with PBS 
containing 0.1% Tween, incubated with horseradish 
pcroxidase-conjugated streptavidin (Zymcd, San Fran- 
cisco, California), washed, and visualized by incuba- 
tion with 4-chioronaphthol and diaminobenzidine. 

Protease inhibitors 

Protease inhibitors were obtained from Sigma 
Chemical Company unless otherwise noted. Working 
solutions were made by diluting stock solutions pre- 
pared as follows: phenylmethylsutfonyl fluoride (PMSF) 
(100 mM in acetonitriteX dUodium ethylenediami- 
notetraacetate (EDTA) (100 mM in distilled water), 
1,10 phenanthroline (100 mM in acetone), leupeptin 
(1 mgfml in distilled water), Ep459 (a gift from Dr. K. 
Hanada,Taisho Pharmaceutical Co., Tokyo, Japan) (1 
mM in dimethyl sulfoxide [DMSO]), and pepstatin (5 
mg/ml in DMSO). For inhibitor studies, Si was prein- 
cubated with protease inhibitors (30 min, 37 Q prior 
to the addition of the substrate. Working concentra- 
tions and specificities are shown in Table I. 



Table II. Representative proteolyic activity measured 
with synthetic peptide substrates. 



Substrate* 


Buffer 


5mM 
cysteine 


Specific activity 

(nmoiet 
AFC/hr/mitt 


Z-Phe-Arg-AFC 


Acid 




0.70 ± 0.23 




Acid 




20.42* 1.46 


Z.Phe-Afi-AFC 


Neutral 




5.35 ±0.51 




Neutral 


+ 


3.77 ±rm 


Z-Gly-Oiy-A/i-AFC 


Neutral 




2.*-? ±0.19 


Arg-AFC 


Neutral 




21.74 ±0.82 



* Substrates irt referred to by die 3-letter designation Tor amino acids 
and Z Cor the amino terminal blocking group benzyloxy-carbonyl. 

t Specify: activity is calculated based On release of 7-an\ino-4-tria»oto- 
metnykeumirin (AFC) per m» protein in the supernatant fitiid per unit 
lime. Values shown are the mean and standard deviation for a repre- 
sentative experiment Each experiment w» 5 repeated at least 4 times. 
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H„ ™^ mn .T«Ki5 - of m *" b " ors . ° n kmoglobin digestion by acid extracts of Taenia solium metacestodes. 
sn3lr^-^ T \ nmb3 T i W " h a ° d JU P eraatan « fl"i<" in acid buffer plus 5 mM cysteine, separated^ 
fanf B^S?HMM ¥ '"^^Phoresis under reducing conditions, and stained with silverLane A, Jith PMSF* 
FnTA- 1?^ ,P a "\ C L . With ,P c P s,a,,n ; D- with EDTA; lane E, with PMSF, Ep459. pepstatin and 
EDTA lane F. without inhibitor; lane G, without inhibitor and without cysteine- lane H ^ntroUen^me and 



Gel filtration chromatography 

Acid and neutral extracts were fractionated by gel 
filtration chromatography using either Spectragel AcA 
54 (Spectrum, Los Angeles, California) (bed volume 
1.6 x 48.5 cm, typical flow rate of 30 ml/hr and 2.2- 
ml fractions) or fast protein liquid chromatography 
with Superose 1 2 in an HRlO/30 column (Pharmacia 
Piscataway. New Jersey) (0.8 ml/min How rated, 0.5- 
ml fractions). The columns were equilibrated with as- 
say buffer at the same pH as the extraction buffer. 
Fractions of acidic extracts were assayed for proteolytic 
activity using Z-Phe-Arg-AFC, Z-Arg-GJy-Phe-Phe- 
Leu-AFC, and hemoglobin. Fractions of neutral ex- 
tracts were assayed using Arg-AFC, Z-GIy-Gly-Arg- 
AFC, Z-Arg-Gly-Phe-Phe-Pro-AFC, and hemoglobin. 

RESULTS 

Protease activities 

We assayed acid extracts of T. solium meta- 
cestodes for proteolytic activity using 9 synthetic 
peptide substrates and 3 protein substrates. 
Among the peptide substrates, significant activ- 
ity was detected only with Z-Phe-Arg-AFC, Arg- 
AFC, and Z-Gly-Gty- Arg-AFC (Table II). Minor 
activity was detected with Z-Arg-Gly-Phe-Phe- 
Leu-AFCand Z-Arg-GIy-Phe-Phe-Pro-AFC. The 
proteolytic activity detected with Arg-AFC and 
Z-Gly-Gly-Arg-AFC was destroyed completely 
by a singje cycle of freezing and thawing. The 
enzyme(s) cleaving Z-Phe-Arg-AFC was not de- 
stroyed by freezing. 

Human proteins albumin, hemoglobin, and 
IgG also were tested as substrates. No activity 
was detected with albumin. Both hemoglobin and 
IgG were markedly degraded at acidic pH (Figs. 



1, 2). Only the hemoglobin digestion was en- 
hanced minimally by cysteine. At neutral pH, 
hemoglobin was cleaved, but less prominently 
than at acidic pH. IgG degradation only was de- 
tected at acidic pH (Fig. 2). Proteolysis was lim- 
ited to the heavy-chain band (Fig. 2). A new band 
appeared at 28 kDa. IgG-degrading activity was 
not enhanced by the addition of cysteine. 

Enzyme activities were classified by incubating 
SI with inhibitors of known specificity prior to 
assaying for protease activity (Table II; Figs. 1, 
2). The major activities were further character- 
ized by molecular sieve chromatography (Figs. 

Metalloproteaee activity 

We identified metalloprotease activity by us- 
ing chelating agents as inhibitors. Both the neu- 
tral aminopeptidase activity detected with Arg- 
AFC and the endopeptidase activity detected with 
Z-GIy-Gly- Arg-AFC were inhibited completely 
by EDTA and 1,10 phenanthroline (Table I). 
Partial inhibition of Z-Gly-Gly- Arg-AFC cleav- 
age was noted consistently with pepstatin. He- 
moglobin degradation at neutral pH was also in- 
hibited by EDTA but not significantly by 
pepstatin, Ep459, or PMSF. 

Upon molecular sieve chromatography, hy- 
drorytic activity detected with both Arg-AFC and 
Z-Gly-Gly- Arg-AFC eluted as a peak with a mo- 
lecular weight of 104 kDa (Fig. 3). Hemoglobin 
also was degraded at neutral pH by the fractions 
that hydrolyzed Arg-AFC activity. 
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Figure 2, The effects of inhibitors on IgG digestion by acid extracts of Taenia solium metacestodes. Bio* 
tinylatcd IgG was incubated with acid extracts of T. solium metacestodes and inhibitors, separated by SDS 
polyacrylamide gel electrophoresis under reducing conditions, blotted onto nitrocellulose, and visualized with 
peroxidase -conjugated streptavidin. Lane A, with pepstatin; lane B, with PMSF, EDTA, and Ep459; lane C, 
without inhibitor, lane D, without inhibitor and without cysteine; lane E, control (btotinylaied IgG and enzyme 
boiled in SDS sample buffer without prior incubation). Solid arrows point to the heavy-chain and light-chain 
bands. Open arrow points to the major proteolytic fragment. 



Cysteine protease activity 

Cysteine protease activity was identified by 
thiol enhancement and by inhibition by leupep- 
tin and Ep459. Hydrolysis of Z-Phe-Arg-AFC 
was enhanced by the addition of cysteine and 
was greater at acidic pH (Table II). The acidic 
hydrolytic activity was blocked completely by 
inhibitors of cysteine proteases (i.e., leupeptin 
and Ep459) but not by inhibitors of other classes 
of enzymes (Table I). In contrast to the activity 
noted at acid pH, cleavage of Z-Phe-Arg-AFC at 
neutral pH was not enhanced by cysteine and 
was inhibited only partiaUy (50%) by leupeptin 
or Ep459. Partial inhibition was also noted with 
pepstatin and chelating agents, suggesting that 
the overall activity is due to enzymes of multiple 
classes. Hemoglobin degradation at acidic pH 
was enhanced partially by cysteine and was in- 
hibited partially (46%) by Ep459 (Fig, 1). 



Upon gel filtration chromatography, proteo- 
lytic activity detected with Z-Phe-Arg-AFC elut- 
ed in a broad peak in fractions corresponding to 
a molecular weight of about 32 kDa (Fig. 4). 

Aspartic protease activity 

Aspartic protease activity was identified using 
the class-specific inhibitor pepstatin. There was 
92% inhibition of hemoglobin degradation at 
acidic pH by pepstatin (Fig. I). A pool of inhib- 
itors (including Ep459 and pepstatin) was re- 
quired to inhibit hemoglobin degradation totally 
(Fig. 1). IgG degradation was inhibited totally by 
pepstatin (Fig. 2). No inhibition of IgG degra- 
dation was noted with Ep459, EDTA, or PMSF 
individually or as a pool (Fig. 2). 

Chromatographic fractions of acid SI weie as- 
sayed for proteinase activity with hemoglobin. 
Protein degradation was noted in a broad peak 
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Figure 3. Gel filtration ch romalography of neutral 
extracts of Taenia solium metacestodes. Neutral ex- 
tracts were separated by fest protein liquid chroma- 
tography ge! filtration using a Superose 12 column 
Fractions were checked for optical density at 280 nm 
(sohd hae) and assayed for proteolytic activity with 
Arg-AFC (dotted line). Arrowheads mark the elution 
volume of calibration standards (from left to right 443 
200, 66.3, 36 8, 25, 13.3, 3.9, and 0.2 kDa). AFC.' 
v-ammo-4-trifluoromethylcoumarin. 

with maximal activity noted at about 90 kDa 
(Fig. 5). In the presence of Ep459 alone, activity 
was also maximal in these high molecular weight 
fractions. When fractions were assayed in the 
presence of pepstatin alone, there was complete 
inhibition of activity in the 90-kDa peak; resid- 
ual activity was maximal at about 32 kDa (pre- 
viously identified as cysteine protease activity). 
IgG also was cleaved by those fractions with pep- 
statin-inhibitable hemoglobinase activity. 

Serine protease activity 

We attempted to identify serine protease ac- 
tivity using 6 peptide substrates normally cleaved 
by serine proteases. In addition, we studied the 
efFects of serine protease inhibitors (PMSF and 
leupeptin) on digestion of peptide and protein 
substrates. No activity was detected with 
Z- Arg-AFC, succinyl-Ala-Ala-Pro-Phe-AFC, 
methoxysuccinyi-Ala-Ala-Pro-Met-AFC, or 
methoxysuccinyl-Ala-Ala-Pro-Val-AFC. The 
activity detected with Z-Gly-Gly-Arg-AFC was 
inhibited by chelating agents but not PMSF or 
leupeptin. Hydrolysis of Z-Phe-Arg- AFC was in- 
hibited by leupeptin. However, hydrolysis was 
inhibited by Ep459 and not with PMSF. Neither 
hemoglobin nor IgG degradation was inhibited 
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Figure 4. Gel filtration chromatography of acid 
extracts of Taenia solium metacestodes. Acid extracts 
were separated by gel filtration chromatography with 
AcA 54. Fractions were checked for absorbance at 280 
nm (solid line) and assayed for proteolytic activity with 
Z-Phe-Arg-AFC (dotted lines). Arrowheads mark the 
elution volume of calibration standards (from left to 
right 200, 66.3, 36.8, 25, and 1 3.3 kDa). AFC. 7-ami- 
no-4-trifiuoromethylcoumarin. 



with PMSF. Thus, we did not detect any serine 
protease activity. 

Unclassified activity 

Proteolytic activity was also noted with Z-Arg- 
Gly-Phe-Phe-Leu-AFC (6.01 ± 0.15 nmoles 




Fraction poo! 

Figure 5. Gel filtration chromatography of acid 
extract! of Taenia solium metacestodes. Acid extracts 
were separated by gel filtration chromatography with 
AcA 54. Pooled fractions were assayed for proteolytic 
activity with hemoglobin (solid bars). Hemoglobin di- 
gestion was also examined in the presence of pepstatin 
(hatched bars). The superimposed solid line and ar- 
rowheads illustrate the chromatographic run from which 
the pooled fractions were derived. The line represents 
the absorbance at 280 nm of the respective fraction 
pools. Arrowheads mark the elution volume of cali- 
bration standards (from left to right 200, 66.3, 36.8. 
25, and 13.3 kDa). 
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AFC/mg with cysteine and 5.06 ± 0.32 nmoles 
AFC/mg without cysteine at acidic pH). Cleav- 
age of Z-Arg-Gly-Phe-Phe-Leu-AFC was inhib- 
ited only partially by leupeptin and Ep459 and 
not inhibited by other inhibitors. Z-Arg-Gly-Phe- 
Phe-Pro-AFC was cleaved by Si at neutral pH 
(3.74 ± 0.09 nmoles AFC/mg with cysteine and 
1.90 ± 0.15 nmoles AFC/mg without cysteine). 
For Z-Arg-Gly-Phe-Phe-Pro-AFC, activity was 
partially inhibited by pepstatin and Ep459. In- 
hibition with chelating agents could not be as- 
sayed with these substrates because the activity 
was detected only in the presence of an exoge- 
nous metalloenzyme. 

DISCUSSION 

At neutral pH, we have demonstrated evi- 
dence for proteolytic activity with hemoglobin 
and the synthetic substrates Arg- AFC and Z-Gly- 
Gly-Arg-AFC. All of this activity was inhibited 
by chelating agents, suggesting that this activity 
is due to metalloprotease(s). Both the amino- 
peptidase and endopeptidase activity were in the 
same fractions from gel filtration columns, sug- 
gesting that a single enzyme may be involved. 
Although it is unusual for a single enzyme to 
demonstrate both activities, cathepsin H, a cys- 
teine protease, has been previously shown to do 
so (Mason, 1989). 

Activity demonstrated with Z-Phe-Arg-AFC 
is enhanced by thiols, inhibited by Ep459 and 
leupeptin, and has an acid pH optimum. These 
properties are characteristic of cysteine prote- 
ases. The molecular weight by gel filtration is 
about 32 kDa, similar to the size of the cathepsin 
family of cysteine proteases (Barrett, 1986). The 
activity eluted in a broad band, suggesting that 
several enzymes may be involved. At present, 
the physiologic role of this activity is not known. 
Similar cysteine proteases from schistosomes di- 
gest hemoglobin, a major source of amino acids 
for the adult worms (Zerda et al., 1988). 

Albumin and immunoglobulin are the major 
components of serum and the major host pro- 
teins in Taenia cyst fluid (Kunz et al., 1989). No 
albumin degradation was noted at either acid or 
neutral pH. This is consistent with observations 
by others on the stability of albumin within the 
metacestode cyst fluid (Hayunga et al., 1989). In 
contrast, we have demonstrated that human im- 
munoglobulin is degraded readily by an enzyme 
present in SI. Both IgG and hemoglobin were 
cleaved at acid pH predominantly by enzymes 
that could be inhibited by pepstatin, a specific 
inhibitor of aspartic proteases. Maximal activity 



was noted in gel filtration fractions with a mo- 
lecular weight of about 90 kDa. 

Host immunoglobulins are found both bound 
to the metacestode surface and within the cyst 
fluid (Correaetal., 1986; Craig, 1988; McManus 
and Lamsam, 1990). Preliminary evidence sug- 
gests Fc receptorlike uptake of host immuno- 
globulin (Willms et al., 1982; Craig, 1988; Ha- 
yunga et al., 1989), which may be digested as a 
source of amino acids (Damian, 1987). By pref- 
erential degradation of the heavy chain, the as- 
partic proteinase may cleave the complement- 
fixing and opsonic portions of the IgG. Cleaved 
antibody could function to block epitopes that 
might otherwise lead to host immune destruction 
of the metacestode, as has been suggested in vivo 
for "blocking" antibody (Rickard, 1974). Al- 
though numerous enzymes can degrade IgG in 
vitro, using T. solium metacestodes, we dem- 
onstrated degradation only by an aspartic pro- 
tease^). 

We identified IgG degradation only at acidic 
pH. As IgG is normally in locations with neutral 
pH, the physiologic significance of this finding is 
unclear. Pinocytotic vesicles appear to be the ma- 
jor mechanism of transport of host proteins into 
the cyst fluid (Threadgold and Dunn, 1983, 1984). 
Because some of these vesicles fuse with lyso- 
somes, it is conceivable that lysosomal proteases 
might be involved in processing host proteins 
that are ultimately transported into the cyst fluid. 

No serine protease activity was demonstrated. 
Taenia species metacestodes secrete taeniastatin, 
a protease inhibitor with antitrypsin and anti- 
chymotrypsin activities (Leid et al., 1984). It is 
possible that serine protease activity was inhib- 
ited by endogenous inhibitors such as taeniasta- 
tin. Alternatively, enzymes may have been de- 
stroyed during lyophilization. Another 
explanation is that the metacestode uses only 
enzymes of other classes. The endogenous in- 
hibitor, taeniastatin, then could modulate host 
proteases without affecting its own enzymes. 

We used whole parasites as the source of en- 
zymes. Host components are a major constituent 
of the cyst fluid (Hayunga et al., 1989; Kunz et 
al., 1989) and host proteins often are detected 
on the membranes of metacestodes (Correa et 
al, 1986; Craig, 1988; McManus and Lamsam, 
1990). Thus, it is impossible at this stage to be 
certain that these enzymes are of parasite and 
not host origin. However, all 3 proteolytic activ- 
ities were found in cyst fluid and cyst walls as 
well as in homogenates, suggesting that the en- 
zymes are of parasite origin. Whether of host or 
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parasite origin, clearly proteolytically active en- 
zymes are present within the parasite and likely 
play a role in parasite physiology. Future studies 
involving enzyme purification and structural 
studies should help clarify the origin of these 
proteases. 
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